PACS. 05.40 -Fluctuation phenomena, random processes, and Brownian motion. PACS. 36.20C -Conformation (statistics and dynamics).
The behaviour of long-isolated-chain molecules in a random environment poses a challenging problem, which has found some interest recently. Most work [l, 21 concentrates on static properties like the size or the free energy of a single chain. Investigations of dynamical properties [2] [3] [4] are rare, even though these properties are most strongly affected by a spatially random (but time-independent, i.e. is self-averaging. (Sa is the volume of the embedding space.) This is a strict consequence of the ergodic theorem. In standard terms it implies that the quenched average, i.e. the average over F = -lnX[VI, is equivalent to the annealed average, i.e. the average over 2. Now, the annealed average has been analysed in great detail [5] . It has been found that for weakly fluctuating potentials correlated over some finite distance, only the second moment vo of the local potential fluctuations is relevant. The only effect of disorder consists in reducing the excluded-volume constant uo , which measures the self-repulsion of chain segments. uo is to be replaced by w o = uo -vo. This argument holds for all quantities which are defined as an average over the (infinite) volume. For instance, the end-to-end distance RE of a chain of polymerization index (4engthn) No behaves as R i irrespective of disorder, as long as w o stays positive.
-N? , v = 0.588 in three dimensions,
N o + II
To outwit this argument, one either i) increases the disorder so that w o becomes negative and the polymer chain collapses, ii) fxes the position of the chain in the volume, thus breaking ergodicity. or Both possibilities have been discussed to some extent, but we do not expect the result to be universal. They will depend on the type of disorder or the polymer model used.
In contrast, in dynamics we find interesting effects of weak disorder also for freely moving chains embedded in an infinite volume. These effects are new, universal and non-trivial.
Consider, for instance, the diffusion coefficient D(No). In the absence of a random potential, the polymer coil diffuses like a Brownian particle of the same mass, the diffusion coefficient being given as
NO
where yo is some microscopic friction coefficient and d denotes the dimension of the system. The self-repulsion alone does not affect the centre-of-mass motion. (We ignore hydrodynamic interactions.) On the other hand, diffusion is clearly slowed down by a random external potential. The effect should be more pronounced for longer chains, since these are more strongly bound to favourable regions of the potential. . &t -t '1. Except for possible long-range forces due to solvent effects, or long-range correlations in the potential distribution, which we ignore, this model contains all terms which near d = 4 are relevant or marginal in the RG sense. In the limit of large N o , the results can therefore be expected to be universal, provided the model is renormalizable. We should note, however, that in any physical realization of three-dimensional quenched disorder the connectedness of the disordered medium introduces long-range correlations, which might limit the applicability of our results.
To evaluate the model we use standard methods of critical dynamics as derived in ref.
[61 and applied to polymer dynamics in ref. [7] . We calculate the Green's functions giving the time dependence of the correlations among the centre-of-mass (t) of the same (a = b) or two different (a # b) polymers. (As usual the pointed brackets stand for the average over the random force tj,(t), and the time interval is extended to -WJ < z < CO so that the system equilibrates before the first measurement occurring at z = 0.) The free theory (u0 = = v0 = 0) is easily solved by introducing Rouse coordinates. We then perform perturbation theory in u0 and vo up to one-loop order. To exemplify the typical structure we give the expression for the centre-of-mass motion where
and T = yo t / N t 2 2 . The function A(z, x) contains the effect of the internal relaxation modes of the chain and x or y fix the position of the interacting segments j , j ' along the chain (x = j / N o -1/2, etc.). The detailed derivation of such one-loop (and some two-loop) results will be given elsewhere.
The result (6) exhibits the typical problems of the unrenormalized perturbation theory: the one-loop correction is proportional to Ni4 -d)/2 and thus diverges in the limit of long chains. This problem can be solved by renormalization which amounts to studying the behaviour of the theory under a change of the microscopic length scale. We map the original theory defined by
such that all macroscopic observables stay invariant. The scale invariance of the theory allows us to determine the change of wR, wR, NR , yR under an infinitesimal change of lR . These <<RG equations. can be integrated from lR -l o , where wR -wo etc. to lR -R E , where the renormalized chain essentially consists of a single segment: NR = 1. With NR = 1, the coefficients of the renormalized perturbation theory are of order 1, and the problem is solved, provided that integrating the flow equations up to ZR -R E yields renormalized couplings which are not too large. This in particular is guaranteed if the couplings for ZR /lo >> 1 tend to some small fured-point value.
Since renormalization of polymer theory has been extensively discussed in the literature (see, for instance, [8] , we omit all technical details except for stating that we use the method of dimensional regularization and minimal subtraction, implying the expansion of all quantities in powers of E = 4 -d. With Gab (q, t) , a, b = 1,2, we have sufficient observables to uniquely extract the renormalization of all parameters. An important difference to the static problem should be noted. As pointed out above the static theory involves only the combination wo = = uo -wo. In contrast, in dynamics uo and wo can be disentangled by their different time dependence. The self-repulsion uo Jd (ri (t) -rj (t)) is strictly local in time, whereas the quenched average over the random potential yields an effective attraction which is strictly independent of time, involving a factor Jdt dt ' Jd (rj (t) -ri (t ')). This allows for a unique derivation of the flow equations for wR, wR and should be contrasted to a previous attempt [2] to calculate the diffusion coefficient, where the flow of the couplings was deduced from a static <<replica. approach, without exhibiting a relation of replica theory to the dynamic problems. Still, the dynamical method happens to reproduce the replica equations.
The RG equations suffer from the lack of a stable fixed point for VR : for ZR /lo >> 1, VR runs away to infinity. As a result, dynamical correlations do not obey standard power laws like RE -N,'. Presumably due to this result, the approach [2] has not been pursued further.
However, even though this feature keeps us from treating the strong disorder limit wo > 0, No + co, i.e. wR -+ a, we still can use renormalized perturbation theory to get non-trivial results in the region wR << 1.
In our further discussion we set NR = 1, and we restrict ourselves to the fixed point wR = w * , Some comments on eq. (9) are appropriate:
i) To leading order in E the identity -vul2 = 2 -vd = a is valid. We believe that this result holds generally: a / v is the Hausdorff dimension of the set of points common to two uncorrelated self-avoiding walks. The expansion in the (weak) interaction among the walks should thus proceed in powers of wo No". It is amusing to note that the occurrence of a is consistent with the Harris criterion [9] , though the argument is completely different.
ii) wR depends on wo , No only via the combination W~N,-,-'"~* = woN,". It may be shown that this holds to all orders in wR, provided wo << 1.
iii) Equation (9) is valid only for wR<<l, implying the limit of weak disorder: cwo (bN0)' << 1. It does not imply that we may neglect the denominator on the r.h.s. In the sense of the &-expansion the range of wR is bounded by wR -E, implying wR/V = O(1).
The completely new aspect of the present problem is the renormalization of yo. We find the RG flow
= 3.587 is the remainder of the short 0 segment-short time-singularity of the Rouse modes, which can be isolated from eq. The first-order term of the short-time behaviour of eq. (11) is dominated by a t In contribution. Following the standard philosophy of exponentiating logarithmic singularities, we find the following equivalent form:
So on times t << 1, the chain on the average moves faster than without disorder, the diffusion being anomalous. In fig. 1 we plot r 2 = R 2 (t, N0)/(2 dli) as a function of T = Do (NO) t/(2 dli).
To get an impression of the overall behaviour, we have combined the short-time asymptotics ii) We interpret the short-time accelerated diffusion as relaxation of subchains from unfavourable regions, which are populated to some extent in thermal equilibrium. We suspect that every extended flexible object in a random potential of shorter coherence length should show a similar effect. For polymers this effect is universal, due to their universal structure on intermediate length scales.
iii) The anomalous short-time diffusion is governed by the disorder-and chainlength-dependent exponent 1 -(1/4) wR. Such a behaviour has also been observed in Monte Carlo simulations [lo, 111. (In their terms we discuss the 4ntermediate. regime after some non-universal short-time regime, which is suppressed by renormalization.) The resource of MC data is best for Gaussian chains [lo] (w* = 0, v = 1/2). It is easy to modify our calculations correspondingly. When analysing the anomalous slopes in the plots of log R 2 (t, N o ) against logt (p. 3085 in [lo]) for different wo and N o , we find results not inconsistent with our calculation.
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